structures. To assess the impact of different backside mirrors on the photon-extraction efficiency (PEE) for microlens-mirror structures, two different mirror approaches are numerically compared. The first one comprises a DBR as described in the main text and the second one is based on a gold layer below the quantum dot (QD) acting as mirror. In both cases an optimized lens shape with respect to the given mirror is included in the model structure. Black: Hemispheric-section lens (height = 400 nm, base width = 2.0 µm) with a gold mirror 150 nm below the QD. Red: Hemispheric-section lens (height = 400 nm, base width = 2.4 µm) with a DBR 65 nm below the QD as described in the main text. The xaxis gives the numerical aperture of the external light-collection optics. The insets show the respective model structures (yellow = GaAs, red = AlGaAs, blue = Au). All data is calculated by using the finiteelement solver JCMsuite in full-3D light-scattering mode as described in the main text. The numerical results clearly demonstrate that the Au-mirror design is superior for larger numerical apertures (NAs) of the external light-collection optics. This is mainly a result of the finite acceptance angle of the DBR of approx. 19°. For larger angles of downward QD emission, the reflectivity of the DBR decreases drastically and the light is no longer reflected back. In contrast, the reflectivity of the Au-mirror is almost independent of the angle of incidence and the PEE of the microlens-Au structure reaches even 86 % which is at the top of state-of-the-art results (see main text). However, we would like to point out that in the range of smaller NAs (up to about 0.22) that is technological relevant for fiber-coupling the microlens-DBR structure performs even better than the lens in combination with an Au mirror.
